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S PI-CIFICATION 

1. riile of the Invention 

\(\cd nroducls 

Process tor the production oi iiiun-sLicnLiLw v.aiui..M. ....^..^^ . 



2. Claims 

( 1 ) A process for the prodnet.on of high-strength calcium silicate molded products 
wherem a slurrv >s obta.ned by add.ng 0.5-3 .0% of sodium stHcate or potass.um silicate as pnnwy 
haolcner versus the total we.ght of the s.Ue.c ac,d-type raw material and lime-type raw material in 
a Kuv material mixture of at least sil.c.c aeid-type raw material. Ume-type raw material, primary 
hardener and water in which crystalline s.hca and amorphous silica are u.sed as the sUicic acid-type 
,aw ..atenal and the relationship between the water solid weight ratio and the amorphous 
snica ( cr> stalline siHca - amorphous silica, ratio is within the pentagonal range bounded by points 
^ , 1 A 0 SO) B ( 1 0. 0.15). C (4.0. 0.50). I) (4.0. 0.60). and E (2.0. 0.60) shown in attached Figure 1. 
ihl'irlcd intl a mold, the mold rcn.n ed alter pnma.v hardening by heating, and the product 
subscquentlv reacted by heating under increased pressure. 

' A process for the production of high-strength calcium silicate molded products 
.heron a .lurrv ,s obtau^ed bv addmg d. ^- VO"., of sodium silicate or potassium silicate as primary 
„,,dcner v ersus the total wei.ht of lune-t> pe raw material and silicic acid-type raw material in a raw 
,,atenal mixture comp>,sed of limc-t>pe raw material. siUcc acid-tvpe raw material, primary 
hardener, tlbers. heat-resistant resm. and water in which the mixture raUo of tlbers and heat-resistant 
rcsm IS 2-1 0-' o bv wemht each, crvstailine s.hca and amorphous silica are used as the silicic acd-ty^e 
,aw material, and the relationship between the s.ater sol.d weight ratio and the amorphous 

„. , , ..n.bt ratio is whhin the reclamzular range bounded by 

■s'!ir-> 1 "alanine Mlica - anuiipiiwu^ .Mii^a. ..i.iv - 

. , ,. . , n or,-, iiao n4<i and ! (4 <.. 0 .hown in attached l-igurc 2. then 

_ ; 1., itiiv^ .:n.i 'he proUiiCi 

paCKCa l!llO a IlH^MO. Uiu lu-u.* .^iiiv^.-v. . r-- . 

subsequently reacted by heating under uKreased pressure 

C.) The process tor the production ot high-^trenetn caleuini Mli.ale nv^lded products ot 
Claim 1 er 2 wherein (H -1 n ot MHiium siiicolluonde ver^u. ihe tutal weight ot the sihcic acid- 



, raw nu.cr.al and UnK-, pc raw ,na,cr,al ,s added ,n addh.o,, sod.um s,„ca,c or porass.u,. 

Silicate as the primary hardener. 

rVTallrrl FtI'^t^^'^''"" "'"''^'-^ Invention 



(hidustrial field of utilization) 

rhc prcsen. invenrion relate. ,o an econom.cal process ibr the producon of high-strength 

calcium silicate molded products. 



(Prior art) ■^■ - -a 

Calciunr siUea.e molded produers. obrained In hydrorhermai synrhesis from a .l.c.c aerd- 

.pe raw ma.ena, and Irme-ry pc raw nra.er.a,. are w.dely used as eo„s,™e„o„ marer.als because of 
excellen. propen,es such as Huh. wcehr. high strength, heat res.stance. and workabthty. 

Conventional methods of producing cale.unr siheate molded products are broadly dtvrded 
,„r„ we, scueeze moldoru. moldtng bv papcrnraku,. ntachinc, ,5) sem.dry mold.ng, 
,4,e..ru„on n.old.ng. and east oro.dtng However, problems wuh each of these nroldtrtg 
^..tKmHs have been ooinicd out m the piisi. 

Specllcallv. the hulk denstty of molded products obtatned by all methods except cast 
,„„,a,„.. ,s hmtted to a cerratn na.ow range NVet s^uce.e moldtng and sem.dry moldtng also 
„„„.;,,rrgc pres.ses and papermak.ng ec,o,pment F.xtruston mold.ng also re.u.res e.«ms,„n 
e,u,p,nen,: .All of these rec,u,rements greatlv .nercase the et,u,pn,cnt cost and result ,n ratstng the 
producfon cost. Cast mold.ng ftlls a nrold w„h the raw materta, slurry, places the tnold as rs ,n an 

elavc. tmd nrolds the slurr> bv rcacng ,t b, hcanng ttnder increased pressure. l^^i^ougMrts ^ 

u,n. ..n.-;M..n,.oe of the molded products obtained, this method 
resolves the proble n^oi the narrow buU ucn.-„ t> ,a.,^t c i i 

r7p.uent\t. :.4V0S I coiiccn- a tcchn.qae tor raisinii the tumox er ol tne nwud to resolve 

. . , , , .,.,,in . :L->. ii:v,qi:c ^:;:.> c'"> 

tlic aUircnicniioneu a!a\^o■.l^^- -1 v-a i.-.- 

J j , .,,.1 . ,s,i;,itn ii\ linivide and 

d.atomaceous earth as the s.hcic ac.d-tvpc raNs n.aicnai. ana a • ••- - ■ 

■ . : + u n 4^Kt.r r^uv material and water, 
hentonite as hardeners to it. anxc. ine rcsuiiani nu.xtuic v.,t. . ... - 



packs i. in,o a mold, removes .he ,„old after pr,n,ary harde,,,,,. by heafng. .hen dries .he produc, 
ahcr reacnu ,. bv hea.,„. ..nder ,„ereased pressure, l^S Pa.en, No. 2.9.,4.444 d.seloses another 
„,ahod ,ha, uses ,he amorphous s.Hea d.a.on.aeeous canh as .he silicie aeid-.ype raw ma.enal, adds 
lime »a.er-free sodium s.liea.e or wa,er-lree porassmm s.liea.e as hardener, and eranula.ed sugar 

, ■„ ..ombincs a liber-.vpe raw material and wa.er .0 produce 

as an aecnl lo acia\ naiu^uinj^ .v, ... - 

a slun.- which is packed ,n,o a mold, .he nrold removed alter pnmao- hardening by heating, and the 
product subse,uen,lv d„ed after reacmg by heatmg under .ncreased pressure. I£ven though these 
methods do obtain pr.marv hardened produos o.'a hardness that perm.ts handl.ng at the „me the 
mold ,s removed, the new problcu ,s ,he ntarked reduet.on ,n the strength ofthe ftnal product that 
has been reacted bv heatrng under utcrca.cd pressure. Therefore, the cu.ent s.tuation is that the 
products obla.ned here cannot be used as conslrucon ma.er.als as they are. 

(Problems to be resolved by Ihe inventionl . 

The object of this .nvent.on ,s ,„ ob.a.n h.gh-streng.h calcium siliea.e molded produCs w..h 
„ ,,,,ri„..s, or.be pr.ntarv n.olded Produc. alter removal ofrhe mold sufficent to tolerate handhng 
„ „„1 a. s,rene,h ot the linal ntolded produc, ob.a.ned by reacting by heaiing thereafter under 
arcreased Pressure adcc,u.ue „. serve as a eons.ruc.on ma.ena, bv cas, mold.ng calcum siheate ^ 
mt^ldcd products. 

(Means of probleni rcsolulioi^) 

The presen. ,nven.„.n a process lor ,he producon of h.gh-s.reng.h caic.um s.liea.e 

..|e.J „odue.s where.n a sh.rrv ,s ob.a.ned by add.ng 0.5-3 ..rV„ of sodium s.l.ea.e or po.ass.um 

„l,ea.e as pnn.atv hardener versus .he .o.al we.gb. of .he s.lic.e aeid-.ype raw mater.al and lime-.ype 

„w n,a.er.ai ,n a n...er,a, nt.s.ure of a, ,eas. sdice ac.d-.ype raw ma.er.al. l.me-.ype raw 

.na.cnal. pr.,nar> hardener, and wa.er .n wh.eh crvstall.ne s.l.ca and amorphous s.hca are used as 
,, „. , ,„ ,,-rnl and Ihe rel.uionship be.ween ihe wa.er solid we.en. ra;.o and the 

^ . . U.^.^n.'^v'^ 

imwr^'ioiis ! 1 !L !.i I 1 ^ ^'^ ^* ' ' ' ' uii^^i- 'f ^ 

!" ' n 0 1)60) >;ho\vn in 

b\ points .MIA). U.MJ). li < ".'>). L ^^'>- - ' * ' 



, , ) .u , .,,,,1,1 ;ittt>r nrimarv hardening by 
attached Fieure 1. then paekeJ liUu a inuid. ai.v. - 



an. .„e p™a„c, subsc.„e„„, rcaccd bv Keaung u„d. .nc.asoa pa-ssua- ,C,a,™ „. a 
p.,..; ,or ,he producio,, of caicu™ .,,ca,c .olded prod.c. .„e.e,„ a slurry .s 
, , , , ,,.P- -dicatc or potass.um s.licalc as primar>' hardener versus the 

, ■ I „liric acid-tvpe raw malenal in a raw material mixture 
total ueiehl of hmc-lypc raw malenal and silicic acid type .-^ , , 

. , i,i_„ rnw material, primary hardener, fibers, heat- 
composed i.rimicMype rau maienai. mi.c.c Tin./l,v 

,-„.,a„. resin, and water in which the mr.ture ratio o. fihers and heat-resistant lesiu is 2-10/. by 
„,i.M each, crvstalline silica and .itorphous siliea are used as the silicc acid-type raw matena an 
,He;elationship between the watcr-solid we.ht ratio and the amorphous ^"-^«-- 
amorphous siliea, wei.ht ratio is wilhin the rectangular ran.e bounded hy points , ,1.0. 0. 5), G 

- - . .m,-h,'d Fmure ^ then packed into a mold, and 

( 1 0 () 07). H (4.0. 0.4.S). and 1 (4.0. 0.>.^) shown m attached Hturt P 

Kv- h^.itiny 'ind the product subsequently reacted by 
,he mold removed after pr,mar> hardenmg by heatmg. and p 

.ri um and the process for the production ot high-strength 
heanm: under increased pressure (C laim _). ana mc p 

r r • 1 ,r ^ wherein 0 1-1 5% of sodium silicotluonde versus 
calcum silicate molded products ol C la.m 1 or _ uhercin 0.11. 

r^.tt^ml and lime-tvpe raw material is added in addition 
the total weight of the silicic acid-type raw material and hme ivp 

.,..,.,cc..,,p, .jlicate as the i^rimary hardener (Claim 3). 
tosoaiuinsilicatcorp^..tas...ai.. -.i..c-ue . . ., , • nf 

,, He evpiamed ,n ureater detail below, beginmnu with the invention of 



,„ ,„e invcnnon o, t ,.„m 1 . ,he maior raw materials of the molded product are the silicic 

md other reinforcing materials as necessary. 

Ctvstallme siHca and amon^hous silica combined in the special ratio explained belcw are 

,„art, ,s prccrablc ,01 .hortemn, the reaction tinie Per example. ,uar. .raded y 

. . , , . „ ..0 -.^sh ^icve IS no more than 10% is good. 
n.,rticle si/e so that the traction rcmanung un a - ...^sn 

, , r . , ,1 etc can be used as the amorphous silica. Diatomaceous 

, I. . If :wc Oitnitd be no more than K) um. 

. . 5 i'--^^ ^^i^'^ -''"^ :i:;x:ares 

. , , ;t T^r.a;.rr.^i when the 
thcreot are used as the lime-tNpe ra^v material. MaKcu nme t. ,a - r 



, , .,„enal and l>me-,ype raw ™,a,cn.l is preferably 

1 he mixture ratio 01 Silicic aLia-L>pv .axN .lu 

0 7 11 tor a CaO/S.O^ n.o.ar rauo. Sod.un. s.licate or potassium silicate ,s used as the pnmary 

"■^"^■^ ■ K,..n.o.hns no effect. More than 3.0% is not 

h irdener fhe percentage added is u.>-..U ", u.-.. - 

Lra.ebeca„se.es.r™..or.e«.,prod„prod„ced.yreae,,o„.y.ca.,n.„^ 
Ire decreases, ,V,.ore,. ,„arer,a,s are ased ar.rrardv as necessary ro ..prove ..e s.ren^ 
,e prodaer, « .He .ype o. re,„.re„. .a.er.a, does a„, ^ P— — 

ba, are no, „ ed ,o pulp liber, nylon fibers, polyes.er fibers, and rnorean.e frbers oeh ^ 

,1. .oo, and asbesros H.e an.o .l or.an.e libers ased ,s prelerably 0,»,0.. versas .be .era 

01- s,l,e,e ac,d..ype ra a,er,a, and b.ne-.ype raw nra.er.a, ■„ ara.e ,be produe. 

nontlammahle as a construction material. 

or parrrcniar no.e anron, Ibe alorearenuoned ra. .a.enals ,s rbe sdrce a rd-lype r.v 
. a con,b,na.,on . crvsralbae s.lrea and a^orpboas s.lica ,n a speeia. ra.,0 ,n .be 
, „ ,„...H.™.c..,la„s,arera.,oorcrvs,alline,„licaandanrorphoass,l,caof 

present invention. Ho\vc\tu ih. .y^L.M .u- 

- t r - 0;^^ weight ratio in the raw nuueriai. 
,; ^.^ ' -i-s J-p^mh1uv' on tnc water ^oiiu wlilhl laiu 
the present invention ncuKs u.i-^.A.in:, • . 

Spee.ficalK, .be .a,er soHd .e.b, rabo ol ,he ra. nra.erral ,s .creased ro .vc .be rayv 
„, „„,„„ bas been bardened b. casnn, ,a ,be n,o,d .prr.ary bardened prodac, cnou.b s.ren^b 

bandbne, |-berelorc, ,be pronon. d anrorpboas srbca in dre sdicc acd-.ype ra» 

„L,„I nras, be .creased . ,n Ibc er band, ,be cca,er-sol,d .c,br rano ol drc ra„ nrarer, 

1 . no; srarabic lor nroldrn. .b.cn ,bc rann less Iban 1 ,0, d be anroaa.s „, anrorpbons s, ea 

, ..:„. ccer, ,be Propon, " - .bor.s s,l,ca nrr.s, be rncreased as .be »a,er,s„bd 

, , , , ,,„..„ v.hcn ..h.s ua.er sol.a >.cmh. rauu is .nhin .nc HH,0 

T'l"'-^' , ,>r.hrMnolded 
The present inventors conducted numerous evpenmeuis i.^ ^ 

r . i-^.ni r^rnMiirr in terms oi the 

product after pnmarv hardenm, and the lle.^urai strcnuu. 



,„ca i-hcse e.p.n„,cn. were conduced under >hc lollc.w,„s cond,„ons 

,,.p„.n,cn,u,c„nd,.,ons, ^^^^^^^^^^ ,„nyane s.lica w,* a fraction 

Water/solid vvcmhi ratios were sei^-Li^u r..r>... - 

_„.ona.On,e:,r..on.,,.anO,.».u.d.^ 

eanh of rro more rharr 50 ,m »as used as *e amorphous srl.ea. Slaked hme p 

al,s «re nrr.ed so ..a, ,Ke CaO S,a .o,ar ra.,o .„u,d .e 0. ■ sodru. s ,ca« 
„„. , , ,,,, ,,„,arv hardener. pu,p ,Canadian standard .reen ss 
„a, tdded mrxed wa.er as re,„,oren„ nta.er.a,, Thrs raw nrareria, mrx.ure .as paeUd rnro 
1 orepo. resnr .ha. had n,.er,o, dnrrcns,ons or.:, „™ . .0. nrn, > P. nrnr Ore,^ 

Ld heen preheated .o , .rc. The sor.aee .as ,eve,ed Thrs n,o,d .as p.aeed ,n a steam-cn, 
,00^ sa.ura.ed .a.er eapor h,o.n ,n.„ the ho. The pnntar. hardened product was remov^ 
:„,the„.o,daner„,an,ta , a sharr. .entperature of. 0=C tor 30 nt.nt.tes The hardness o^ 

, , , „ ,„,,,„od us.ne a rt*her hardness meter ( US 6:,.) 1 model A). Thrs 

prmwri hardened p.ouu^. Aas...ea a. . , , „,io,- ,, nh in 

„ ,..ss„re. I he pressure .as s,.hse^uent^ ered to a.mospher.c pressur nd 

;it rill ,r he autoclave I he hna. product was produced h> dr.n. m a U.. oven 

,,0 adhered water content was no ntore than 

n,eresul.sareshowninrahlcsMl,and,r,andmhcu,e. 1 he rcla.,^c s,r _ 

, , „ ,,..„,,,,,„„ „,od,e final produc. should he judged mrela.,onsh,p.o the 

hulkdcnsuy. These results are also shoun >n Tables UD and (2) 
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.pe™„c™»,n shown , and 

™i„ and amorphous s,l,ca^.™s.l,.u.u ^ ^ ^ „ D (4-0. 0.601 and 

.hepcnlanonal ranee bounded by pom.s. A, I u,».::"i.» 

,.; 0.60, shown ,n l igure 1 ^^^^^^^ ^ ^^^^^^ p^^^, 

- -cr,hed abo.. a ; ^^„^,„„, 

---- 

\^ I he di'^plav scale should be at least 
mode, A). ! nt ai i u. . . , , ,i i i. nl-u-ed in an autoclave 

. , . 1,,.., removed trom the mold, it is r^d^'^u 

Atterthe pnma.y narucncu , ....-^ ^ hours at a pressure 

. . Th. reaction conditions are preterabh Hours a t 

^"^^^ '^'^'^^^^-^ ^'""'^ ■""^■^^■^^^ ' " , rhe final product is obtained b> removing 

. least 10 cnv and a temperature o, at least ISO C 

^ - - — - 7 T: "I nmarv hardener, as 

, trnm 0 ^ to I) ^ Potassium silicate can also be used \- 
ol the product ranges trom n._ to " • 

— n..na,or raw. a,er,a,so,.h,s:n.en.o„ 

\e\i the invention oi i. laim - a.ii . ^ . .,-.ai.. 

,. , . ,,..,.,,,,,Lunerau material, hme-type raw 

a^e .he sa.e a. ,h,.se o, .he uree o, Oarn, , . , e.. „e a - ^^^^ 

„„K.r,al. and pru„arv hardener I hose e^phnned lor ,ne ur^enuon . 

• ...-.t.^ri-ii :ind linic-upc raw matcnal 
^"■^■^ ' ' ' „ ^ , , s-ca are used as the silicc ac.d-type raw 

,„:„,nal Ihese are used a..eraa,as>:ne.„. -■ . , ,, „;„„,h;„ ,„ 

ere.an,ue sd,ea and amorphous s.he. -e .he,e ae.d-.pe ra a,e„.., J _ 

.he.:„er.ohd.e,eh,ra„on„her: a.ena,, --^^ ^ 'l-— 

, . - , u <l,..htlv trom that ol tne luvcuu ■ ■ 

lUnvcver. the relationship n^.c '-r' . 



raw materials in ihis invcnuon. . 

,„cMe .n™..,,. r.c. sucH a. ,a. ..e.. a*cs„,s, .„o,. accuW 
„,.as,„„i,c. an. fi.™.s »p,o„.. pu. .".e.. ca*„n «... r.e., v.,o„ a„ 
p„Ke.e. r.c.. Cass HK-. a. especa,,,. c.rec.ive ,o. ,.pr„vi„, pe.o™ance. h« o. , 
.ei.aWe u, use .lass nhc„ as pa„ of .he ,-,he.s use. The a.on. of f.bcrs ^sed ,s pre.e.h.y 2.,0/. 

_^„;^^„,,,^„,,„,,,,„,...„„,oh.a,„ea.^ 
, „; offccs do no, ™prove fur.h.r «he„ .he a,™n,n. exceeds .0% by .veigh. 

Hea,..es,s.a„. .es.ns .nCadc acyhc .esins. s,>.ene .es.ns. .neU^.nc .es.ns. e.hvlene-v, , 
pheno, .es,ns. and eopo,™e. .es.ns .hereof These res.ns a.e p.fe.ahW used ,„ f^e 

, . „ ^ ,„ „„v ho„,o.encoaslv w„h .ho o.hcr rau ma.enals. 

forw of an aqueous emulsion loairow .i.^m ,.1 > 

,. , ...,:..,..;.,...,..vl,c-.urenocopoivnu.rcsmisrrcf^^^^^^ 

An auueous emulsion oi a^iN ii^ ^--^''^ -■ 

:,a,oofhea,-.es,s.a„..es,n,sapp.opna.eK:.U,.hv.e.h.,ea,.uU,edhasedon.hes„,,ds. 

des.cd enee.s e s.en.h and .hness of ,he p.oa.,c, oh.a,ned a. „„. o .a.ued .he^^e 

added ,s ,ess .han . . «e„.. fhe.e . no fo„he. ,„.p.oven.e„, of .he e ec.s ahov 

„:„a„„ can he decreased .hen ,he aKaen,en„oned fibers a„d res.ns are used. 

„as aheadv n,en.u„,ed. ,he ,u,s..,re rano of c.s,a,hne sd.ea and ^o^hous s.hca ,n fh 
„„c.c .,d... pe ra. .a.er.a, oar.es ,n re,a.,o„sh,p .o ,he .a.er.ohd .e.h, ra.,o „, ,he ra. n.a.ena 
„ ,,c ,„„„.,on of <.a,n. . ,n ,he .an.e .a> as a, .he .„een.,on of C,a,. . Ho.ever. .he 

„, , Silica and :HV,orphoussn,ca in the sil.acacid- 

V,.: ,., .i,;o K,.f,v,'fn the mixture ratio fu v.^uiii.- . ni^u 

" , , , . ,, I .....ht ratio ;n the rnv niatcnal difters trom that ol the 

..-,.oo.,nn...n.a:-...ni-HUxi-:t'i'i^^^^-'^^^'^^''-''- 

,nvcmu>rt...'laiml hcca.se lu.e■^. ^ „,„,,,,,p 

The inventors conducted ntimcrous studies oi this pcnnt. m tne same .a> a. .o. ■ 

1 ...4 ...;^,T it^^l the flewiral 
,, na,m 1 and studied the hardness ol the molded prf.lu.t alter p.imai> nau.. - ■ - 

, , . r,„..i ...vu.ct m terms ol the relationship nelueen .... .a^a 

strenuin. etc. ol tli. .nie.. i ..ixi i.i . 



.,. H ,Hc u-uer'sol.d ue.eht rat, o. The expcnmemal condmon. of these stud.es 
and amorphous sihca and the uater soiiu . 



were as follows. 



, ,:.pcnmc«.l co„di.,ons, ^ ^ 

Walcr/sol,Jwe,gh.ra.,osul - „„„h„f„o 

, ■ ,„u^he0 8^ 1(1" „ of sodium silicale (waler glass noM ) or potass.um 
CaO;S,0, molar rano woold b. ^ ^^^^^ ^ali-r^isuor, 

,„„a.o. calculaled hascd on d,c s„l,ds Iracon. .as added pnmarv ^^^^,„^.,,„,„, 

,.r 1 uni len'nh 1 mml as reinforcmc malenal and . 0 . acr>hc slyr 
,lassl,bers,d,amc,erl..um.lu,. ,„ o anionic,, calcula.cd based on .he solids 

^-'>— l-::: :.a,er.™sra.ma,enalm,..ewas 
,rae„on, as heawes.s.an, resm wore also added ioeeiher . ,2 mm 

a mold made ol epos. res „b inner dm.ens.ons - ^ 

, i„f)cr :,pd the surlace leveled. 1 his moiu was pia 

: : :::: ,n,r„dneed, n. pMoe, ..s remo.. ,V„m ,be mold 
. a s,orr>. .emperamre .or m.no.es. Tbe 

- , „,„,,„d bv rubber hardness n.e.er ...IS 6301 model 
l,a,dness or .he pr,ma,- hardened prod.M .as nea.u ^^^^^ ^_ , 

„ ,h,spr„na.M,ardenedprodue..a>rl.-od.na„a...oeUeandreae, 

„X V .er subse^ue■„^• lo.er,,,. ,l,e P,es,ure .0 a.nr.-spher.e pressure .,d removm. .he produe, 

lrom.heau.oetoe.lhel,n..l|^r, d. r*lc ^ and Ficre 2. The relative 

,. n,..<e r^-iul.s are shown m Table - and 1 .feuie 
ta.K.n beeame .nore .ban , - T,b...-.ndFi..ure- Thelluidily 

,rUK. raw material slurr>- was ven' poor m numners ... 1^ • - - 
, ,orm n made measurement of the propenie. impossible. 
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, \ . naUuv or .he raw ma.er.al slurry decreased and made cast molding 

diltkull. The inadequate pranar> liardne>> o. ,h. P 

„„eC,-Hm.hesamef„ure, „,,er/solid we.gh, ratio and 

I hereforc as sliown in I- ieure i. me rela,w„>.„|. 

"""'""deserved aK.e. the spe.iicd ra atettais are .neaded water to ma.e a s,^^ 

u „ , „.d hv iteattn. and a pnmar.- hardened product obtained by removal torn 
poured tnto a mold, hardened b> h at,n,, ^^^^^^^ 

1 vl hv hc'Mm^' under increased pressure, i nt piuuu 

^^^^^^ 

IS the invention ot Claim i. ^ m t^■n^- raw 

.,d,„m .h...,uor,de . added .ersus the rota, .e„ht o, .here aetd-type raw 

. : „ in add,t,„n to .odtum sdtea.e or potass.um .beate as pnmary 

. : , „„ r„r,ber ra,se the s.re„«h of the final product. 

Irardener ir. the mvcnlion ol ( lami - I his 

' , , , .c - in obiain a prinn.v hardened product with adequate 

- -^^^^^^^^ J„^„^ . hi.h nnal 

product ..length merely by wiry.ne ^ 

,1, : , ■:d-l^ pe raw ma.orial. which i» one ol ihc ra,K malcr.a . 

, . a,e "-cent invention Permi.s. he bone-dry bulk density ot 

, i ,.pr,.,xnr,alc!v n 2 t.. r, 7 Tim allows one lo make -.anou. 

consimcu,>...micnalssucn asnccu-,,, 

materials using the same equipment. 
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Practical examples 1-3 cn'stalUne 
•r ..,u^r with a 0 1% traction remaining on a Z3U mcMi M 
Tonvane silica powder w itn a u. i o i , , .u^ silicic 

,h ,n SO ■im a^ amorphous silica were used as the silicic 
,n.caandd,atomaccouseartholnomorethanM).ima.,amrp 

,.n-,l These were used mixed m the mixture ratios show in 1 able This 

ac.d-type raw material. These were ore than OT^/o remaining on 

.,c,d tvne raw material and slaked lime powder wun a uu.u. - 

. , , ,,e a C lO'SiO^ molar ratio of 0.9. 2.0% sodium silicate (water 
, ,30 mesh sieve were mixed to maU a CaO ,a ^^^^ ^ ^ 

.0. 1 ) was added as primai. hardener . . alU res t ^^^^^^^ 
and length ot^ 13 mm were added as reiniorcing material, mixed 
...re was packed into a mold made of epoxy resm with inner dimensions of 910 n^ 

. 1 .1 . 1 1 his mold was placed in a steam-cunng box and 100 C 

saturated water vapor ,„>r„d...U i 1. pr-rrar. P 

ptedinanautoclavcandreaccdrorlOhoursanOk&cm.lSOC. ,05-c 

. • . pressure and ,he product renroved from the autoelave and drted ,r> a 105 C 

lowered to aimosphenc pressure ana inc p T-ihle 3 

. , P,oretban^% to obtain ihctmal product. Table 3 

oven until the adhered water traction wa.n(,mo.e.nc , , i , 

^ 1 ^ n.Hiuct and the propenies of the final product. 

sluuNS the hardness oi the pnn^ai> .iaiu...^^ , 



rabl^ 



Water/ Sol 
id weight 
ratio 



! PficTicai i 



Diatomaceou 
s 

earth 

Silica * 
diat(^maceou 
s earth 



Hardness of 
primary 
hardened 
product 
(hardness 

meter scale) 



4(S 



„ .0 

3.0 



0.40 



Properties of final product 



Bone-dry 
bulk 
density 
p (g'cm ) 



: t n . 

0.44 



36.2 
i o.U 



Flexural \ Relativ 
strength of 
molded 
product 

(kg' cm") 



e 

strengt 
h 

a/p" 



1 66 



^radical examples 4 and > 



The same studies were c 
J% potassium silicate was added as pr 



eonducted as in 



practical examples 1 and 3 except that 



imarv hardener The results are shown m Table 4. 



1 ai'lL -r. 



Water/Sol 
id weight 
ratio 



Diatomaceou 
s 

__j^arth__ 

Silica 
diatomaceou 
s earth 



Hardness of 
primary 
hardened 
product 
(hardness 

meter scale) 



"properties of fmaiproduct ■ 



Bone-dr\' 


Flexural 


Relativ 


bulk 


strength of 


e 


density 


molded 


strengt 


p (g/cm^) 


product 


h 

a/p' 


(kg/cmM 




73.1 
15.0 




, , , 0 .... .e. ... . ..... ...us .e 

shown \n Table 5. 





Water/Sol 




id weight 




rati(^ 



[Jiaiomaccou 



Table 5, 



Practical 
example 
6 



j diatomacetai | 
I s earth | 



Hardness ot 
primary 
hardened 
product 
(hardness 



1.0 



Properties of final product 



Bone-dry 
bulk 



Flexural 
strength of 

product 



0.68 



S3. 5 



19 



Relativ 
e 

*^trengt 
h 



185 



10 



r ^ .nicotluonde was added in addition 

- '"--^ " I,,. .,c.e .one. 
,he sod™ s„ica,c as pr^arv n,con,p.n. 

, 3 0 ,% tacon r™a,„,n, on a 250 n,esK sieve as cr>.,amne 

Lo.a„30.nasa,™..ooss.^^ 

aod-lyperawmatenal. lhLs.w.r - ,„on ot no more than 0.1% remammg on 

, 1 . . I y,mc powder wuh a traction ol no 
ac.d-tvpc raw material and slaK.d , alkal.-res.siant glass 

I ■ 1 C iD'SiO- molar ratio ol u.jsj- 
a 250 mesh sieve were mixed to mak. ^ • ^ , ...d S 0% (calculated based on the 

- • - ;:rr ^^^^^^^ - 

solids traction) acryhc-styrene copolymer r. ^^^^^ ^^^^ 

. .,kn idded " sodium silicate (water glass no. u 
as heat-resistant rcsin were also aua.u. - ^ ^ , ^^^^^ 

„a*„e,.,™.«a.,..«, ..s.a. ^'^^ ^^^^ ^'^^Z^^ ^^^^ _ ^...s.... 

„„„ a,„,e„s,ons ,„ .1 . mn, ■ ••■^■■^^^^^^ ^^^^ ^^^^ ^^^^^^ ^^^^^^^^^ ^^^^^^^ ,„„„,„„,^ 

"^'^ "::::.:'::::::::a.:,,n o.. .o,a ar.e, ,na,™a,n,„. ...es a. a 

-""'^ : v ..... r..U... ^^as pu,e. ,n an a.oe..- an. .ac.e 

sk,rT> lempcramre ol '"I ( 1 1"- P • aimosphenc pressure 

:,.„=,- 11,0 pressure subscquentK lo^ver^o 
,,, 4 hours a. 10 H en, . . SO 0 I T ^^^^^^^ ,„ , ,„5.c 

,„aue. remove. ,ro,u ,l,e auloeL.e 1 1. a, P ^ ^^^^^^ ^^^^^ ^ 

n ^ vv 'urr tr iction vvar> HO morc than i n. 
oven until the adhered uatutraLiu 




able 6. 



ardnes^ o 
riiirdeiieu 




(hardness 

Sihca^ i meter scale) | 

ilonuieeuii | j 

s earth 1 ' 



bulk j sltengtlT 01 

density i mvnded 

P Mj'rm^ 1 product 

i (kiz.cnv) 



Relativ 



h 



Practical 




example 






1.0 


10 


2.0 




3.0 
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Practical examples 12-14 
The studies were 
glass no. 1) and 0.4% SI 

in Table 7. 



, on except that 2.6% sodium silicate (water 
same as practical examples 9-11 cxcc^^ ^^^^ 
odium siUconuondc were added as pnmax>' hardener. 



Table?. 



Waler/Sol 
id weight 
ratio 




Diatomaccou 
s 

Silica - 
diatomaceou 
s earth 



Hardness of 


Properties oHrn^^ 


primary' 
1 hardened 
product 
1 (hardness 
meter scale) 


Bone-dry 
hulk 
density 

p(a/cm') 


Flexural 
strength of 
molded 
product 
(kg/cm-) 


Relativ 

e 

strengt 
h 


1 43 

i « 


0.68 
1 0.43 
! 0 1 


138.7 
54.9 

1 29.0 


300 

: 297 
1 302 


1 ^ 


_L___ 





4. 



Bn.r r.p,a„a,,o„ ^^^^ ^^^^^^^ 

, ana 2 a. „„. au.aa. ^^^^^^^^^^^^^^ ^ ^„„^^,„„, ,„ ,he .aw 



„„„ and the «eigh> ratio Ml amorphous 
ma.crial ascj lo produce calcmm s,l,..a.<; 



Key 



staUine siVica 
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key. a) 



a, Amorphous siUta^v- . 



Figure 2. 

amorphous sU.ca) -emi 



:hi ratio 
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